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Abstract 
Land capability was determined for non-rice crops (maize, soybean, mung bean, 
sesame and peanut) for the main soil-landscape mapping units on basaltic terrain in 
Ou Reang Ov district, Kampong Cham province. Limiting factors were identified, and 
land qualities rated for the soil types identified previously in a soil survey of the 
district. The main Soil groups on the basaltic uplands are Labansiek, Ou Reang Ov 
and Kompong Siem. On the Labansiek soils, most of the land qualities were rated as 
favourable, and generally non-limiting. Overall land capability was rated as fair to 
good (Class 2-3), depending mostly on low soil pH and perhaps erosion risk. Overall 
land capability of the Ou Reang Ov Soil group was rated as fair (Class 3), depending 
mostly on low soil water storage and perhaps sub-soil pH, poor soil workability and 
crusting. The poor soil workability could be upgraded with the use of tractor drawn 
tillage rather than animal draft. Similarly the severity of limited soil water storage in 
the profile depends on seasonal rainfall and is likely to vary between the early and 
main wet seasons, and between years. Overall land capability on Kompong Siem soils 
was rated as good to fair (Class 2-3), depending mostly on waterlogging, which in 
turn can vary with growing season and among years. Despite a range of different 
limiting factors, the clayey soils which are commonly found in eastern Cambodia 
associated with basalt appear to have fair to good capability for cropping. 
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Introduction 
The main non-rice crops in Cambodia are maize, mung bean, soybean, cassava and 
sugar cane (Fig. 1). Rubber is also an important crop on deep red basaltic soils in 
eastern Cambodia. While all these crops are grown in Cambodia, not all are equally 
profitable, and profitability may vary from place to place. Diversification of cropping 
on the basaltic terrain of eastern Cambodia will largely involve the development of 
one or more of the existing crops. A key knowledge gap for crop diversification in 
Cambodia is to identify those conditions that suit each crop and the most probable   2
locations of such conditions. The rate and scale of diversification are likely to depend, 
in addition to bio-physical factors, on a number of market and socio-economic 
factors.  
 
Diversification can be achieved by intensification of production on lowland soils that 
currently grow only the wet season rice. This can involve early wet season production 
of crops such as mung beans, peanut or sesame provided these crops can be harvested 
before the optimum time for rice transplanting. In addition, dry season cropping with 
vegetables or short duration crops is an option for lowland soils if adequate irrigation 
or stored water is available after rice harvesting. There has been little attempt to 
systematically assess land capability for diversification on the lowlands or to define 
and ground-truth the soil and hydrological requirements for non-rice crops in the 
diversified rice-based cropping systems. 
 
Figure 1. Production (x 1000 tonnes) of field crops in Cambodia in 2001-2 and 
2002-3. Statistics Office MAFF (2002, 2003).  
 
 
In eastern Cambodia, on basaltic uplands crop diversification is quite advanced 
compared to elsewhere in the country. Nevertheless, potential remains for further 
increases in upland cropping, agroforestry and grazing in eastern Cambodia. Now that 
security concerns have eased, and the standard of roads in general has improved, 
population pressure and market access factors are likely to be key drivers of the 
expansion of upland cropping as they were in Thailand in the 1960-70s (Chiang Mai 
University/ Chulalongkorn Social Research Unit 1983; Ruaysoongnern and 
Suphanchaimart 2001). However, the land capability of the basaltic uplands of 
Cambodia has not been assessed, apart from an estimate that 140,000 ha could be 
suitable for expansion of rubber production (FAO 1999).  
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Land capability in Ou Reang Ov district, Kampong Cham 
This report should be read in conjunction with the background papers “Assessing 
Land Suitability for Crop Diversification in Cambodia (ACIAR Project 
LWR1/2000/051)” and “Land Capability Classification for Non-Rice Crops in 
Cambodia” which provide an overview of land capability classification (Bell et al. 
2005, 2006). 
 
The primary current source of information on limiting factors for Cambodian soils is 
White et al. (1997). Whilst it is most pertinent to rice soils, and is focussed on 
lowland environments, it remains the most comprehensive analysis of soils 
information in Cambodia, and because it is an agronomic soil classification it focuses 
on limiting factors for rice. Some of the limiting factors for rice will be common to 
those for other crops. Others such as waterlogging, soil pH or rooting depth could 
have very different interpretations. In particular the sub-soil properties (20-50 cm 
depth) are commonly not prominent when considering rice cultivation (White et al. 
1997) except to the extent that they affect percolation rates of water. However, sub-
soil properties could impose significant constraints for the production of non-rice 
crops particularly by effects on root depth and its implications for available soil water. 
However, the impact of shallow root depth for example on crop yields will vary with 
rainfall and be less acute in the wet season or in years that have well distributed and 
adequate total rainfall. Other sources of information include the soils survey 
undertaken in Ou Reang Ov district, Kampong Cham (Hin et al. 2005), on-farms trials 
conducted in 2003-2005, surveys of farmers and a workshop with farmers and 
agronomists in Ou Reang Ov district on soil. 
 
The land qualities selected for assessing land capability for crop diversification in 
Cambodia are shown in Table 1. Land qualities and the definitions of ratings were 
based on van Gool et al. (2006). The rating of the land qualities has been modified for 
the soils and environment of Cambodia based on descriptions of soil properties and 
limiting factors in White et al. (1997), a recent soil survey (Hin et al. 2005), field 
trials and published information for the field crops of interest. In particular, the depth 
of assessment of land qualities has been limited to 50 cm, in keeping with the 
approach of the Fertility Capability Classification (FCC) (Sanchez et al. 2003). 
 
Background to land and soil resources in Ou Reang Ov district, Kampong Cham 
An assessment of the land capability of soils of Kampong Cham has been developed 
based on studies in Ou Reang Ov district, to the east of the Mekong River and south 
of National Road No. 6. This district was chosen because it contained a range of 
upland and lowland soils and was considered representative of soils in the province 
and more importantly representative of the basaltic uplands in eastern Cambodia (Bell 
et al. 2005a, b; Hin et al. 2005).  
 
In the rice soils map for Cambodia, Ou Reang Ov district is shown to have Labansiek, 
Kompong Siem and Prateah Lang Soil groups (Oberthür et al. 2000). The present 
project identified 10 soil-landscape units, most of which were correlated with those 
described by White et al. (1997) (Table 2). Profile descriptions of Labansiek, 
Kompong Siem and Ou Reang Ov Soil groups are presented in Hin et al. (2005). The 
profiles were sampled and analysed for chemical and mineralogical properties and the 
results discussed by Hin et al. (2005).  
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The three main upland soils in Ou Reang Ov district are Labansiek, Ou Reang Ov and 
Kompong Siem Soil groups. Ou Reang Ov Soil group occurs in less elevated 
positions than Labansiek soil, below the top of the basalt plateau. Profiles are less 
reddish in colour especially at the surface, and have a medium sized blocky peds in 
contrast to the fine granular peds of the Labansiek soils. There is more gravel in Ou 
Reang Ov than Labansiek Soil group, especially at depth. When using the Cambodian 
Agronomic Soil Classification (CASC), the Ou Reang Ov Soil group does not key to 
Labansiek Soil group due to the dark brown colour and the lack of stable granular 
structure (Seng et al. 2005). Hence, the Ou Reang Ov Soil group has been proposed as 
an addition to the CASC (Seng et al. 2005). 
 
 
Table 1. Land qualities and their rating for land capability classification for field 
crops in Cambodia based on van Gool et al. (2006).  
Note: For specific crops the ratings below may vary. 
Land qualities  Rating 
  1. Very 
high 
capability 
2. High 
Capability 
3. Fair 
capability 
4. Low 
capability 
5. Very 
low 
capability 
Soil workability*  Good, fair    Poor    Very 
poor 
Surface condition  Loose, soft, 
firm, self-
mulching 
Few stones  Crusting, 
common 
stones 
Hard-
setting, 
many 
stones 
Abundant 
stones, 
boulders 
Surface soil 
structure decline 
susceptibility 
Low  Moderate  High     
pH (CaCl2) (0-20 
cm) 
5-7.5  4.6-5  4.3-4.5  <4.3, >8.5   
pH (CaCl2) (20-
50 cm) 
5-7.5  4.6-5  4.3-4.5  <4.3, >8.5   
Nutrient 
availability 
Low 
leaching 
risk 
Moderate 
leaching, 
moderate P 
retention 
High 
leaching 
High P 
retention 
   
Waterlogging  Nil, very 
low 
Low  Mod  High  Very high
Inundation  Nil, low    Mod    High 
Soil water storage 
(mm/m) 
>70  35-50  35-50  <35   
Rooting depth 
(cm)** 
>50   35-50  25-35  15-25  <15 
Water erosion 
risk 
Low  Mod  High  Very high  Extreme 
P export  Low  Mod  High     
* Assessed for tractor draft, but for animal draft the limitation may be more severe 
** Modified depth ranges to align with the FCC (White et al. 1997; Sanchez et al. 
2003). 
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Ou Reang Ov Soil group occurs higher in the landscape and on greater slopes than 
Kompong Siem Soil group. The fields where Ou Reang Ov Soil group occurs are 
almost always too well drained for rice cultivation. Colour of the soil is more 
brownish than Kompong Siem in the surface but usually reddish in the sub-surface. It 
has an abundance of medium to coarse ferruginous gravel fragments unlike in 
Kompong Siem. It does not key to Kompong Siem due to its dark brown colour and 
also due to its non-cracking behaviour. 
 
Soil groups on basaltic terrain and their limiting factors for non-rice crops 
Labansiek 
The Labansiek petroferric and non-petroferric phases are quite different in properties 
that would limit crops. The petroferric phase is shallow (White et al. 1997), but this 
phase appears to be uncommon and was not observed in the soil survey of Ou Reang 
Ou district. It has not been assessed in the present study of land capability (Hin et al. 
2005), but further surveys are needed to quantify its prevalence elsewhere in the 
basaltic terrain.  
 
 
Table 2. Soil- landscape units mapped in Ou Reang Ov district, Kampong Cham 
(from Hin et al. 2005). 
Code Name  %  of 
district 
Key features 
KC1  Labansiek  13.5  Red clay, non-gravelly on upper gentle to 
undulating slopes 
KC2  Ou  Reang  Ov  13.1  Gravelly, brown or red soils on gentle- 
moderate slopes 
KC3 Kompong  Siem  20.5  Gently  sloping  dark clayey soil with basalt 
boulders at depth, often has fine gravel in sub-
soil 
KC4  Kompong Siem  14.9  Flat dark clayey, non-gravelly, basalt boulders 
at depth 
KC5 Kompong  Siem  24.3  Alluvial  plains flooded 2-4 months per year, 
dark clayey rice soils 
KC6 Swamps with 
vegetation 
4.4  Vegetated back swamps of the Mekong River 
floodplain 
KC7  Permanent  water  2.8  Permanently inundated back swamps of the 
Mekong River floodplain  
KC8 Bakan/  Prateah 
Lang 
4.8  Yellow to brown sandy to clayey, flooded 2-4 
months per year, old alluvial terrace 
KC9 Seepage  0.3  Zones  where  groundwater seepage out of 
basalt hills creates opportunities for irrigation 
KC10  Ou Reang Ov/ 
Kompong Siem 
complex 
1.5  Gravelly soils on low often linear rises 
emanating from basalt uplands 
 
 
The Labansiek non-petroferric phase is a deep red clay soil that occurs on very gently 
undulating to undulating uplands of the basaltic plateau that occupies significant areas 
of eastern Cambodia (White et al. 1997). The Labansiek Soil group is not a significant 
padi rice growing soil (White et al. 1997). Although some upland rice is grown, it has   6
potential for other crops. Presently, a significant proportion of Labansiek soils are 
already used for rubber plantations. However, inter-row cropping during the 2-3 years 
of the re-planting phase of rubber is quite common in Kampong Cham and presently 
accounts for a significant volume of production of peanut, soybean and mung bean. 
 
Labansiek soil has favourable physical properties for tillage and crop establishment. 
The soil surface remains soft to firm, is easy to till and does not impede seed 
emergence (Table 3). While the soil becomes sticky when wet, the porosity allows 
soil water, after rain, to rapidly drain to a range of water contents suitable for tillage. 
The soil structure is stable and not susceptible to decline. 
 
Low pH is a significant limiting factor on the Labansiek non-petroferric soil (Tables 3 
and 4). Non-petroferric phases of Labansiek soil were generally strongly acidic with a 
high risk of Al toxicity in species with low tolerance (e.g maize, mung bean and 
soybean). However, the Labansiek soils have relatively modest Al saturation levels on 
the exchange complex considering the low pH. According to Sanchez et al. (2003) > 
60 % Al saturation in the 0-50 cm layer indicates Al toxicity risk for most crops, and 
10 % Al saturation would only limit sensitive crops such as cotton. Hence for a wide 
range of crops including maize and soybean 20-40 % Al saturation is reported to be 
toxic (Sanchez 1976; Kamprath 1980). Manganese toxicity has also been identified on 
Labansiek soil in pot experiments (Seng personal communication). Lime application 
alleviated the symptoms of Mn toxicity in mung bean and increased plant growth. 
Molybdenum deficiency is another potential limiting factor on acid soils derived from 
basalt (Johansen et al. 1997) but there is no firm evidence of Mo deficiency in crops 
in Cambodia as yet. Further research is still needed to define the extent and severity 
of Al and Mn toxicity constraints in Labansiek soils in Kampong Cham, but for the 
time being it has been rated as a moderate limitation based on strongly acid pH to 
over 50 cm depth. 
 
Low pH would commonly limit nutrient availability. The Labansiek soil has moderate 
to high extractable P levels, and a high P retention index. The soil has moderate 
leaching potential on account of its stable structure and porosity, and its low cation 
exchange capacity (CEC). Leaching, especially of nitrate, may be significant on this 
soil, on the other hand if the soil contains significant anion exchange capacity (which 
is conceivable given its low pH and mineralogy see Donn et al. 2004) nitrate and 
sulfate may be retained in the sub-soil. In two of the three Labansiek soil profiles 
analysed, the levels of extractable S increased at depths below 40 cm suggesting that 
deep root penetration may be favourable for S uptake. By contrast, P leaching in the 
Labansiek would be negligible. 
 
Labansiek soils are almost always well drained and free of inundation risk. Deep root 
growth has been observed and the high clay content and soil depth ensures high soil 
water storage provided sub-soil Al does not restrict root growth. 
 
Erosion risk depends on slope and soil exposure. Rill formation has been observed on 
bare cultivated slopes of Labansiek soil, despite the high infiltration rates and stable 
soil structure. However, in Ou Reang Ov district, none of the four farmers 
interviewed reported soil erosion on their fields of Labansiek soil.  
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Table 3. Land characteristics and limiting factors for non-rice crop production on Soil groups of Ou Reang Ov district, based on land 
characteristics assessed from White et al. (1997), a district soil survey (Hin et al. 2005) (Site numbers from ACIAR Project 
LWR1/2001/051: full soil profile and chemical analysis records are available in the CARDI Soils database), crop production 
investigations of ACIAR LWR/2001/051 and the condition modifiers of the Fertility Capability Classification defined by Sanchez et al. 
(2003). 
Land 
characteristics 
Labansiek   Ou Reang Ov   Kompong Siem 
  Non-petroferric (Site 15, 16)  (Site 11, 14, 17, 18)  (Site 10, 13) 
Soil chemical 
properties 
P and S levels may be adequate on some 
soils but K levels low to very low. N, P, 
K, S are limiting for rice. 
Low ECEC & low to moderate OM, N 
Extractable P often very high 
Low in N and low to moderate S based on 
soil analysis, 
 
Low in soil P, K, S, B from soil profile 
analysis. Deficient in N, P for rice. 
 
 
pH Strongly  acidic 
Risk of Al toxicity in sensitive crops 
Mn toxicity risk. 
Moderately acid in surface, but often strongly 
acid below 45 cm.. 
Risk of Al toxicity in sub-soils for deep-
rooted crops 
Moderately acidic throughout profile, no 
acidity risk 
Texture/ structure 
in A and B horizon, 
presence of pans 
Moderate nutrient leaching risk due to 
high porosity and low CEC  
Moderate-high nutrient leaching risk due to 
porosity and abundant gravel content in sub-
soil 
Leaching may occur after first rains 
through large cracks which appear when 
soil dries. 
Sesquioxides and 
pH 
High Fe-oxides, low pH and high P 
retention index  
Variable Fe-oxides. Moderate to high P 
retention predicted. 
Low Fe oxides. Moderate P retention  
 
Soil strength, 
texture class 
High soil strength at 0-15 cm. Soil is 
friable in sub-soils and has a stable 
microstructure due to the combination of 
kaolin, sesquioxides and organic matter 
Soil varies from hard when dry to soft. 
 
Soil is hard when dry especially in padi 
field, but cracks when dry. 
Soil is poorly to well structured, self 
mulching, shrink and swell. 
Soil texture and 
organic matter 
Weak crusting observed  Crusting observed but not in well structured 
soils 
Not expected to crust 
Infiltration  rate  No surface water ponding due to rapid 
infiltration. 
Surface water ponding where soil structure 
poor, but drains quickly due to sub-soil 
gravel. 
Surface water ponding once soil wets up 
and swelling occurs, drainage is fair to 
poor. 
Sub-soil 
permeability, 
High permeability, some mottling 
observed below 60 cm but no perched 
Waterlogging risk low due to well drained 
gravelly subsoil, and sloping land. 
Waterlogging risk once soil wets up and 
swelling occurs, drainage is restricted   8
perched watertable  water  below 45-60 cm and mottles common. 
Perched watertable in root zone in main 
wet season 
Previous land use, 
soil strength 
Weak plough pan in padi fields but not 
common. 
Cracking and gravel should prevent a plough 
pan developing. 
Cracking may prevent a plough pan 
appearing; however, smearing could 
occur if the soil is cultivated wet and in 
padi field soil has weak structure. 
Dense sub-soil, 
ferricrete in sub-
soil, parent rock 
No impediment to root growth to 120 cm 
depth in non-petroferric phase except Al 
toxicity in sub-soil.  
Roots observed to 85-95 cm in most soil but 
up to 120 cm in Site 18 
Depth of rooting to 80 cm observed in 
one profile but not below 40 cm in 
another due to water table depth. 
Profile texture  High water holding capacity   Moderate to low water holding capacity. 
Gravel layer limits water storage. 
High water holding capacity but needs 
good soaking rains to make soil water 
available. 
Slope, dispersion, 
structure 
Erosion depends on slopes, but limited by 
non-dispersible stable structure 
Possible erosion risk on hill slopes.  Low erosion risk 
Stoniness, soil 
strength 
Soil is sticky and slippery when wet  Sticky when wet, abundant fine gravel  Sticky when wet, hard when dry 
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Table 4. Soil pH, exchangeable Al, effective cation exchange capacity (ECEC) 
and Al saturation of the ECEC in soils of Ou Reang Ov district, Kampong Cham 
province. Source: Hin et al. (2005). 
Soil Group  Depth  Phase  pH  Exch Al  ECEC 
Al 
saturation
 (cm)    CaCl2 (cmol/kg) (cmol/kg)  (%) 
Labansiek 0-15  4.4  0.65  4.62  14 
 15-60  4.5  0.45  4.41  10 
 60-120 
non 
petroferric  
4.4 0.82  3.71  77 
Labansiek 0-18  4.3  1.07  3.97  27 
 18-50  4.6  0.56  11.1  5 
 50-100 
non 
petroferric  
4.4 0.78  3.25  24 
Labansiek 0-10  4.3  0.2  3.3  6 
 10-40  4.4  0.11  3.5  3 
 40-120 
non 
petroferric  
4.3 0.37  2.3  16 
Ou Reang Ov  0-18  6.1  0  12.4  0 
 18-45  4.7  0.36  5.4  7 
 45-88 
 
4.4 1.82  4.96  37 
   88-120    4.3  2.22  5.09  44 
Ou Reang Ov  0-12  5.7  0  19.4  0 
 12-85 
 
5.5  0 20.7 0 
 85-120    5.4  0.03  20.5  0 
Ou Reang Ov  0-10  5.5  0  9.78  0 
  10-30  5.8  0 8.89 0 
 30-75 
 
4.5 0.55  6.46  9 
   75-120    4.6  0.45  7.42  6 
Ou Reang Ov  0-20  4.6  0.49  11.0  4 
 20-60  4.4  1.42  10.5  13 
   60-95 
 
4.6 0.41  9.93  4 
 
 
Most of the land qualities were rated as favourable, and generally non-limiting 
(Tables 3 and 5). Overall land capability, based on the typical properties of labansiek 
non-petroferric soil, was rated as fair to good (Class 2-3), depending mostly on low 
soil pH and perhaps erosion risk. The fair capability of Labansiek is perhaps lower 
than it is perceived by many agronomists in Cambodia. Cassava which is increasingly 
grown on Labanbsiek soil is highly tolerant of Al toxicity (Dierolf et al. 2001). 
Similarly, rubber which occupies large areas of the Labansiek non-gravelly soil is 
tolerant of Al toxicity (Sys et al. 1993; Sanchez et al. 2003). For crops that are not Al 
tolerant, and on bare exposed slopes, land capability on the Labansiek non-petroferric 
phase is only fair (Class 3). However, less acid forms of the Labansiek soil and the 
application of treatments to alleviate Al toxicity (e.g. lime) would warrant an upgrade 
of the capability class to Class 2. The petroferric phase would have lower capability 
although it did not occur in the present study area and its prevalence elsewhere on the 
basaltic uplands is not well enough understood. 
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Table 5. Rating of land qualities for the typical properties of the Labansiek non-
petroferric soil. Note the ratings for land qualities may vary with plant species 
and varieties and with the natural range of soil properties. 
Land qualities  Value  Capability 
Soil workability  Good, fair  Very high 
Surface condition  Soft, firm  Very high 
Surface soil structure decline 
susceptibility 
Low  Very high 
pH (CaCl2) (0-20 cm)  4.3-4.5  Fair 
pH (CaCl2) (20-50 cm)  4.3-4.5  Fair 
Nutrient availability  Strongly acid, moderate 
leaching, high P 
retention 
High 
Waterlogging  Very low  Very high 
Inundation  Very infrequent  Very high 
Soil water storage (mm/m)  > 70  Very high 
Rooting depth (cm)  >50  Very high 
Water erosion risk  Moderate  High 
P export  Low  Very high 
Overall land capability  Low pH  Fair 
 
 
Ou Reang Ov Soil group 
Ou Reang Ov soils were generally too shallow for rubber plantations. Farmers in Ou 
Reang Ov district reported that attempts to expand rubber onto the Ou Reang Ov soil 
have resulted in significant mortality during establishment due to drought. Given the 
low yield of upland rice (<1 t/ha) and hilly, sloping landforms on which the soil 
occurs, growing other crops may be more economical than upland rice.  
 
Ou Reang Ov soils are more difficult to plough than Labansiek soil. The surface soil 
is hard when dry (Table 6). Farmers report that in the early wet season, only shallow 
tillage is possible with animal draft ploughs due to the hard soil surface. Deeper 
tillage with animal drawn ploughs is possible in the main wet season. Deeper tillage 
would also be possible in the early wet season with tractor draft ploughs. When wet, 
the soil is sticky, but due to its free drainage, farmers report that two days after rain, 
soils will have reached an acceptable water content for ploughing.  
 
The seedbed becomes hard when it dries and may impede seed emergence and crop 
establishment. Structure is expected to be reasonable stable in Ou Reang Ov soils due 
their smectite clay content (Hin et al. 2005) even though deep cracking is not 
observed on this soil.  
 
Ou Reang Ov soils generally have limited soil water storage. Below 12 to 30 cm 
depth, typically the profile contains 40-80 % medium to coarse ferruginous gravel. 
Hence below the topsoil layer, the soil water storage will be limited. While this will 
be offset to some extent by the clay content in the surface layers, the surface too 
contains up to 15-40 % gravel. Other Ou Reang Ov profiles were only 60 cm deep on 
weathered basalt: soil water storage would also be a limiting factor on these profiles.   11
Drought risk during extended dry periods will be much greater than on Labansiek and 
Kompong Siem soils. 
 
The Ou Reang Ov soil drains well and is not subject to inundation. The sub-soil is 
generally friable and root penetration to 60 cm or deeper was observed. 
 
Although the soil occurs on sloping land, due to high permeability and gravel content 
it is not prone to water erosion. None of 40 farmers interviewed in Ou Reang Ov 
district considered that soil erosion occurred on their fields with Ou Reang Ov Soil 
group despite a range of ground slopes from flat to moderate. Nevertheless protection 
of the soil from water erosion should be practiced.  
 
The soil has naturally high extractable P levels. Sulfur supply in the surface soil may 
be limiting for early growth but as roots penetrate deeper they access greater available 
supplies. Other nutrients appear to be in adequate supply from soil analysis. Nutrient 
availability should not be significantly limited by soil pH. Leaching of nitrate may be 
significant in the Ou Reang Ov soil, but that by P would be negligible. There are no 
data on P sorption capacity of this soil but it contains 5 % Fe-oxides (Hin et al. 2005) 
of which about 25 % is oxalate extractable and hence potentially reactive with soluble 
P. 
 
Sub-soil Al toxicity is a potential limiting factor, but not at all sites classified as Ou 
Reang Ov soil. Acid tolerant crops like peanut and cassava may be more productive 
than soybean, maize, and sesame. Shallow rooted crops may also be less affected by 
sub-soil Al levels. Further research is still needed to define the extent and severity of 
acidity constraints in Ou Reang Ov soils in Kampong Cham, but for the time being it 
has been rated as a moderate limitation based on strongly acid pH in the sub-soil, and 
Al saturation values up to 40 %. 
 
Overall land capability of the Ou Reang Ov Soil group, based on its typical 
properties, was rated as fair (Class 3), depending mostly on low soil water storage and 
perhaps sub-soil pH, poor soil workability and crusting. The poor soil workability 
could be upgraded with the use of tractor drawn tillage rather than animal draft. The 
extent to which low sub-soil water storage limits land capability will vary with season 
and from year to year depending on rainfall amount and distribution.  
 
 
Kompong Siem Soil group 
Kompong Siem Soil group gravelly and non-gravelly phases on basalt, mapped as 
KC3 according to Hin et al. (2005), are deep clayey soils with moderate pH.  
 
Workability (ease of tillage) of the Kompong Siem soil is poor. The soil is hard when 
dry especially in padi fields (Table 7). The soil is sticky when wet, however, it does 
drain effectively if there is no watertable perched within the profile. Farmers report 
that it is possible to cultivate two to fours days after rain. During the main wet season 
the perched water table is close to the soil surface which limits drainage. 
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Table 6. Rating of land qualities for the typical properties of the Ou Reang Ov 
Soil group. Note the ratings for land qualities may vary with plant species and 
varieties and with the natural range of soil properties. 
Land qualities  Value  Capability 
Soil workability  Poor  Fair 
Surface condition  Firm, self-mulching 
with tendency to 
crusting 
Very high -fair 
Surface soil structure decline 
susceptibility 
Moderate  High 
pH(CaCl2) (0-20 cm)  4.5 to >5   Very high - high 
pH (CaCl2) (20-50 cm)  4.3 to >5   Very high -fair 
Nutrient availability  Moderate to high 
leaching risk, moderate 
to high P retention, 
moderate acidity 
High 
Waterlogging  Low  High 
Inundation  Very infrequent  Very high 
Soil water storage (mm/m)  < 35   Fair 
Rooting depth (cm)  >50  Very high 
Water erosion risk  Moderate  High 
P export  Low  Very high 
Overall land capability  Low soil water storage Fair 
 
 
Soil is poorly to well structured, and self mulching due to the shrink and swell 
characteristics of the smectite clays in this soil (Hin et al. 2005). The surface does not 
crust. However, surface water ponding occurs under heavy rain, but within a day this 
water has drained away. Hence the soil present fair to good prospects for seed 
germination and crop establishment. 
 
The profile has high water holding capacity on account of its clay content and depth, 
but needs good soaking rains to make sufficient soil water available for crop uptake. 
Light rains in the early wet season may not be available for crop uptake. 
 
Slopes are low, and fields are often bunded so erosion risk is negligible.  
 
Nutrient availability is not limiting as levels of most nutrients are satisfactory and pH 
is only moderately to slightly acid. Extractable P levels were lower than in Ou Reang 
Ov and Labansiek soils, but added P is expected to be readily available since the soil 
has moderate pH, moderate P sorption and low Fe oxide content. Low exchangeable 
K and extractable S, and marginal B levels may limit production unless fertiliser is 
added on these soils. 
 
Waterlogging risk is perhaps the most severe limiting factor, but despite the high clay 
content, the Kompong Siem soil in the elevated KC3 and KC4 areas appears to drain 
well so long as there is no shallow perched water table. Waterlogging risk increases 
once soil wets up, swelling of clays occurs, and perched watertables develop within 
the profile. Drainage is restricted by the perched water table that develops in the   13
clayey C horizon at 45-75 cm. The clayey layer is grey coloured reflecting prolonged 
waterlogging and the layer immediately above is strongly mottled. Perched 
watertables develop in root zone in the main wet season and hence there is a much 
higher risk of waterlogging damaging crop production in the main wet than early wet 
season. However, the severity of waterlogging is likely to vary from year to year. In 
addition, with crops like soybean which have a reasonable degree of waterlogging 
tolerance, the severity of waterlogging limitation would be downgraded compared to 
sensitive crops. 
 
Depth of rooting to 80 cm was observed in one profile but not below 40 cm in 
another. Root depth may reflect in part the effect of the dense C horizon limiting root 
penetration and in part seasonal waterlogging in and above this layer. 
 
Based on the typical properties of the Kompong Siem Soil group, overall land 
capability was rated as good to fair (Class 2-3), depending mostly on waterlogging 
risk. 
 
Other soils 
Other soil mapping units occur mostly on low lying areas and alluvial plains (Hin et 
al. 2005). These include Kompong Siem (KC4, KC5), Prateah Lang and Bakan Soil 
groups (KC8) (after Hin et al. 2005). These have not been rated for land capability 
since they are used for wet season rice and commonly for rice during the early wet 
season too, using irrigation from groundwater seeps (Ovens 2005). 
 
 
Table 7. Rating of land qualities for the typical properties of the Kompong Siem 
Soil group. Note the ratings for land qualities may vary with plant species and 
varieties and with the natural range of soil properties. 
Land qualities  Value  Capability 
Soil workability  Poor  Fair 
Surface condition  Self-mulching  Very high 
Surface soil structure decline 
susceptibility 
Moderate  High 
pH(CaCl2) (0-20 cm)  >5  Very high 
pH (CaCl2) (20-50 cm)  >5  Very high 
Nutrient availability  Low leaching risk 
Moderate P 
retention 
Very high - high 
Rooting depth (cm)  35 to >50  Very high - high 
Waterlogging  Moderate  Fair 
Inundation  Very Infrequent  Very High 
Soil water storage (mm/m)  > 70   Very high 
Water erosion risk  Low  Very high 
P export  Low  Very high 
Overall land capability  Waterlogging and 
soil workability 
Fair 
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General Discussion 
Crop yields on Ou Reang Ov soil in the main wet season of 2004 were generally 30-
50 % lower than those on Kompong Siem and Labansiek Soil groups in maize, mung 
bean, peanut and soybean (Table 8). Major limiting factors on the Ou Reang Ov soils 
were considered to be low soil water storage, and possible Al toxicity in the sub-soil. 
Crop yields in the main wet season of 2004 on Kompong Siem soil outstripped those 
of Ou Reang Ov and Labansiek Soil groups (Table 8), both of which have better 
internal and external drainage. This may suggest that waterlogging did not develop 
strongly in the 2004 main wet season. 
 
The rating of land qualities presumes that no technology has been applied to alleviate 
or overcome the limitation. Clearly there are often opportunities to do so. 
Waterlogging, for example can be alleviated by raised beds and drains: when this is 
done, the severity of the limitation is decreased, and the land class increased 
accordingly. Similarly, with erosion control measures implemented, the capability of 
sloping land for cropping will be upgraded. Poor surface soil structure may be 
alleviated by minimum tillage and crop residue retention. Finally surface soil acidity 
can be treated with lime. Hence many land qualities are not fixed properties of soils. 
 
Table 8. Yields of crops (t/ha) on the three main soils of Ou Reang Ov district 
from on-farm trials in the main wet season 2004. Values are means of four 
replicates. Source: Seng (personal communication). 
Soil Group  Maize  Mung bean  Peanut  Soybean 
Kompong Siem  4.1  1.5  2.1  3.3 
Ou Reang Ov*  1.9  0.7  1.5  1.4 
Labansiek 4.3 0.4 2.0 2.2 
* mean of two sites 
 
 
An alternative ranking of crop performance on the three main basaltic soils was made 
in a workshop involving six farmers and nine agronomy technicians in Ou Reang Ov 
district. Their ranking of Ou Reang Ov soil above others, and Kompong Siem soil as 
the lowest, contradicts the results for yield in 2004 on-farm trials (Table 9). The 
farmers’ assessment may be influenced by the atypical Ou Reang Ov profile type 
inspected during the workshop, which had very little gravel in it. Also as farmers tend 
to use little fertiliser on field crops whereas the on-farm trials received an optimal 
fertiliser rate, this difference may have influenced the ranking. Finally, the farmers 
and technicians were only asked to rank the three basaltic soils against one another 
whereas the land capability classification was based on a wider assessment of soils 
across Cambodia. In the wider context all three basaltic soils had fair to good 
capability compared to the lower capability of Prateah Lang and Kompong Siem 
calcareous phase soils encountered elsewhere. 
 
The differences in rainfall distribution between the early wet and main wet seasons, 
and the reliance on stored soil water or irrigation in the dry season will interact with 
several land qualities. Land qualities such as water erosion risk and leaching may 
need to be rated for a particular soil separately for the early wet season, main wet 
season and dry season.  
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Species and cultivar differences may also alter the apparent ranking of land capability 
(Bell et al. 2005). For many limiting factors there will be genotypic variation in 
tolerance, at species and variety levels, which if identified and present in adapted 
varieties can be exploited to decrease the severity of the stress. Tolerance of Al 
toxicity is a case where a severe limitation in acid soils could be alleviated to increase 
overall land capability on the Labansiek soil which otherwise has very favourable 
properties. Indeed the prevalence of rubber and cassava on the Labansiek soil may in 
part reflect the Al tolerance of both species. In on-farm trials (Table 8), mung bean 
appeared to perform poorly on the Labansiek soil compared to its yield on other soils, 
and compared to the relative performance of other species on that soil, with the 
possible exception of soybean. 
 
 
Table 9. Rating of crop performance by soil type for the three basaltic soils of Ou 
Reang Ov district based on a field workshop involving six farmers and nine 
agronomy technicians familiar with the district. Ratings were based on a five-
point scale: best soil for the species =1 to worst =5. 
 Kompong  Siem 
(Site 13) 
Ou Reang Ov 
(Site 11) 
Labansiek 
Maize 4  2  1 
Soybean 3  1  2 
Mung bean  3  1  2 
Peanut 3  1  2 
Sesame 3  2  1 
 
 
The ratings of capability above for each soil (Tables 5-7) were based on typical soil 
properties. However, there is a natural range of variation in properties for all soils. In 
the present cases, the typical properties of soils were derived from a relatively small 
number of field profile observations and fewer sets of detailed chemical analysis (see 
Hin et al. 2005). Hence there is some uncertainty about the modal soil properties for 
each soil type and the natural range of variation. Secondly, the overall rating of 
capability cannot be expected to apply to all fields of a particular soil. A capability 
rating for a particular field can be assessed by using Table 1 and assessing each land 
quality for the site.  
 
The land capability classification is a bio-physical assessment, and lacks the socio-
economic inputs that also influence crop selection for particular soils. For example, 
use of Labansiek soils for rubber is likely to continue, despite capability for other uses 
so long as the market price for rubber remains high and the industry infrastructure 
remain in place to support that industry. Emerging markets for cassava in Vietnam are 
forcing an increase in cassava cultivation on a range of soils in Kampong Cham, 
which may have capability for supporting a range of important food crops. Hence the 
land capability assessment needs be combined with an assessment of the land use 
pressure and availability of markets for crops to determine overall land suitability. 
The output of this assessment would be a ranking of crop options at a commune- to 
provincial-scale according to both biophysical and socio-economic constraints.  
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